Objective-To investigate the effects of QRS duration on characteristics of the left ventricular pressure pulse derived from the time course of functional mitral regurgitation by continuous wave Doppler.
Patients-50 patients (mean age (SD) 58 (16)) with dilated cardiomyopathy, all with functional mitral regurgitation. --- Results-The values of QRS duration ranged widely, from 70 to 190 ms with a mean value of 110 ms, and were unimodally distributed. The overall duration of mitral regurgitation correlated positively with QRS time (r=0-65) over the entire range ofvalues. When the duration of mitral regurgitation was divided into contraction, aortic ejection, and relaxation times, increased QRS duration prolonged contraction (r=0 51) and relaxation (r = 0 52) times. Aortic ejection time was affected by RR interval (r=0 74). Duration of QRS correlated negatively with peak rate of rise in left ventricular pressure (+ dPldt) (r= -0-48), and positively with the time intervals from Q to peak pressure (r=0-49) and to peak +dPldt (r=0-72), and also with those from the start of mitral regurgitation to peak pressure (r=0-49) and to peak +dP/dt (r=0-76).
Duration of QRS did not directly affect the peak rate of left ventricular pressure fall (-dP/dt), or the isovolumic relaxation period.
Conclusions-Values of QRS duration are unimodally distributed in patients with dilated cardiomyopathy, without evidence of a discrete group of patients with left bundie branch block. Prolonged QRS duration reduces peak + dP/dt, prolongs overall duration of the pressure pulse, the time to peak + dPldt, and relaxation time. Duration of QRS must therefore be taken into account in assessing standard measurements of myocardial function in patients with dilated cardiomyopathy.
(Br Heart J 1992;68:403- 7) In 1926, Wiggers' questioned whether changes in ventricular conduction were important in determining the dynamics of ventricular contraction. He concluded that intraventricular pressure curves could only be regarded as reflecting the contraction of the individual muscle units of the ventricle as long as excitation passed over natural pathways from a supraventricular focus. Since then, the question has been investigated little, particularly as it applies clinically, and yet it remains an important one. In human left ventricular disease, major disturbances of ventricular activation may occur, yet changes in the pressure pulse are often used to assess myocardial function.23 Peak rate of the rise of pressure standardised to instantaneous pressure has been suggested as an index of contractility, and more recently, the characteristics of the fall of pressure have been widely used to assess relaxation. (1) RR interval.
(2) The overall duration of mitral regurgitation.
(3) Left ventricular contraction time, from the start of mitral regurgitation to the opening of the aortic valve.
(4) Aortic ejection time, from the opening of the aortic valve to its closure (A2).
(5) Left ventricular relaxation time, from A2 to the end of mitral regurgitation.
We digitised the mitral regurgitation signal with time and velocity calibrations, and thus, by means of the modified Bernouilli equation, derived the time course of the pressure drop from the left ventricle to the left atrium along with its rate of change (fig 1) . From these plots, we measured:
(1) Peak pressure drop from left ventricle to left atrium.
(2) Peak rate of pressure rise (+ dP/dt) and fall (-dP/dt).
(3) The times to peak + dP/dt, with the start of QRS complex and mitral regurgitation as zero.
(4) The time interval from A2 to peak negative dP/dt.
(5) The time interval from peak negative dP/dt until mitral valve opening (isovolumic relaxation time minus A2 to peak -dP/dt). (6) Time to peak pressure-that is, when the dP/dt curve returned to the base line.
DATA ANALYSIS
The mean value of the measurements was obtained from three successive beats and is expressed as mean (SD). The distribution of values of QRS duration within the sample was analysed by a method of normal probability plot. Table 2 shows the overall duration of mitral regurgitation correlated positively with QRS time (r = 0 65) over the whole range of values studied. The slope of the relation, 1-7, was significantly greater than 1. When the duration of mitral regurgitation was divided into contraction, aortic ejection, and relaxation times, increased QRS duration increased contraction (r = 0-51) and relaxation (r = 0-52) times. The RR interval was the only other factor affecting the duration of mitral regurgitation on stepwise regression analysis, which was performed with PR interval, QRS duration, age, and left ventricular size as additional independent variables. The effect of RR interval was mediated mainly by its exclusive influence on aortic ejection time with left axis deviation and closed symbols those without. Note that QRS duration itself is unimodally distributed throughout the sample studied although left axis deviation is commoner when QRS.duration is prolonged.
(r = 0 74), and by a small, additional effect on relaxation time (table 3) .
EFFECT OF QRS DURATION ON DERIVED LEFT VENTRICULAR PRESSURE CURVE
The QRS duration correlated negatively with peak rate of rise in left ventricular pressure (+ dP/dt) (r = -048), and positively with the time intervals from Q to peak pressure (r = 0-49), to peak + dP/dt (r = 0-72), from the start of mitral regurgitation to peak pressure (r = 0-49), and to peak + dP/dt (r = 0 76). Thus when QRS duration increased, the time to peak rate of rise in pressure was prolonged and the maximal rate of the rise in pressure fell. Duration of QRS was the dominant factor influencing the times to peak + dP/dt (r2= 52% and 62%, respectively).
Duration of QRS, however, did not directly affect the peak rate of fall of left ventricular pressure (-dP/dt), or the isovolumic relaxation period. prolonged systolic activity and consequent shortening of left ventricular filling time.4
Objective analysis of QRS, however, shows not only considerable variation within patients classified as having left bundle branch block, but also in patients in whom the electrocardiographic criteria do not apply. In our study, based on a separate group of patients, we have used commercially available software to compute QRS duration, rather than the classical electrocardiographic criteria. It has shown that in patients with dilated cardiomyopathy, QRS duration is effectively unimodally distributed rather than being segregated into two groups with and without left bundle branch block. This finding obviously raises questions of definition as well as providing further evidence that the prolonged QRS duration in patients with dilated cardiomyopathy is due to an arborisation block, probably diffusely affecting the whole ventricle.4 It was possible, with echocardiography, phonocardiography and Doppler, to define a series of associations between QRS duration and the time course of the functional mitral regurgitation and thus of the pressure difference between left ventricle and atrium. Not surprisingly, the stronger correlations of QRS duration were with events early in systole-in particular the time interval from the Q wave and from the start of pressure rise to peak + dP/dt and to a lesser extent with + dP/dt itself. The overall duration of mitral regurgitation, however, and the relaxation time (A2 to the end of mitral regurgitation) also correlated significantly with QRS duration, accounting for 25% or more of the total variance (r2=0 27). Duration of QRS correlated only weakly with ejection time and not at all with peak negative dP/dt. We noted that mitral valve cusp separation followed the time of peak -dP/dt by a mean value of 30 mis, and sometimes even preceded it. We have previously shown that mitral regurgitation may continue for up to 100 ms after mitral cusp To predict the effects of activation on the pressure pulse, Wiggers developed a simple model based on algebraic summation of the contraction of the subunits.' It suggested that increasing the period over which the summation occurs, the equivalent of prolonging the QRS duration, should not alter the time of the start of the rise in pressure, although peak rate of rise and fall would be reduced. The time intervals to peak rate of rise and peak pressure would be prolonged as would be the overall duration of the pressure pulse, each by the same amount as the increase in QRS duration, although peak pressure itself is unlikely to be changed. Our findings thus agree closely with these predictions especially with respect to early systole and the overall duration of mitral regurgitation. The main points of difference were the lack of correlation of -dP/dt with QRS duration, although relaxation time itself correlated, and also that the extent of the prolongation of mitral regurgitation was 70% greater than that of the QRS complex itself. In general, therefore, observation agrees with prediction enough to suggest that the electromechanical correlations we describe could be explained largely on the basis of the theory of fractionate contractions.
Our results may have some practical significance especially when it comes to assessing myocardial function. Peak dP/dt, or peak dP/dt standardised to instantaneous pressure, are still recommended as being of value in assessing myocardial systolic performance and described as contractility.'2 13 Clearly such estimates depend critically on the pattern of ventricular activation. This was not allowed for in the original studies, an omission that may contribute to the poor performance of such isovolumic indices in identifying patients with reduced systolic function. Also, acute change in dP/dt, dP/dt standardised to instantaneous pressure, or time to peak dP/dt are often used to assess the effect of drugs. Should the drug also prolong QRS duration, then effects on the pressure curve would be expected as the direct consequence of the electrophysiological change and need not be attributed to depressed function of individual myocardial units.'4 '5 In summary, therefore, our resuts show the potential value of taking QRS duration into account in assessing both systolic and diastolic myocardial function, in patients with dilated cardiomyopathy. The QRS duration is routinely computed and printed out by modem electrocardiographs; such values are little used clinically, but are clearly significant once their consequences in terms of the severity of the haemodynamic disturbance in individual patients are considered. Further, if QRS duration could be reduced, possibly by an appropriate pacing technique, the equivalent of a positive inotropic effect on rates of both contraction and relaxation could be achieved without the complications of tachyphylaxis, increasing myocardial oxygen requirements, or a proarrhythmic effect. We feel that these electromechanical interactions are worthy of study.
